Opiates are among the most important drugs for treatment of moderate to severe pain and prolonged opiate administration is often required to treat chronic pain states. We investigated the neurobiological actions of sustained opiate administration revealing paradoxical pronociceptive adaptations associated with NK-1 receptor function. Sustained morphine delivered over 6 days elicited hyperalgesia in rats and mice during the period of opiate delivery. Sustained morphine administration increased substance P (SP) and NK-1 receptor expression in the spinal dorsal horn. Sustained morphine treatment also enhanced capsaicin-evoked SP release in vitro, and increased internalization of NK-1 receptors in response to noxious stimulation. While NK-1 receptor internalization was observed primarily in the superficial laminae of placebo-treated rats, NK-1 receptor internalization was seen in both superficial and deep lamina of the dorsal horn in morphine-treated animals. Morphine-induced hyperalgesia was reversed by spinal administration of an NK-1 receptor antagonist in rats and mice, and was observed in wildtype (NK-1 C/C ), but not NK-1 receptor knockout (NK-1 K/K ), mice. These data support a critical role for the NK-1 receptor in the expression of sustained morphine-induced hyperalgesia. Additionally, these data indicate that sustained opiate administration induces changes reminiscent of those associated with inflammatory pain. These opiate-induced changes might produce unintended deleterious actions in the course of pain treatment in patients. Understanding of sustained morphine-induced neurochemical changes will help identify approaches that limit the deleterious actions of opiates. q
Introduction
Opiate analgesics are the mainstay of pain management in conditions ranging from acute pain to chronic pain, including cancer pain, and are used as substitution treatment for opioid dependence. These clinical uses of opiates often require opiate treatment for extended periods. A potential problem which has been noted with sustained opiate administration is the paradoxical expression of pain in regions unaffected by the initial pain complaint (Compton et al., 2001; De Conno et al., 1991; Devulder, 1997; Doverty et al., 2001; Sjogren et al., 1994) . Opioidinduced 'pain', i.e. hyperalgesia, has been reliably observed in preclinical models (Celerier et al., 2000; Gardell et al., 2002; Larcher et al., 1998; Mao et al., 1994; Vanderah et al., 2000 Vanderah et al., , 2001a Yaksh and Harty, 1988; Yaksh et al., 1986) . Recent research has begun to uncover the neurobiological consequences of sustained opioid administration and reveal several neuroplastic adaptations that likely underlie opioidinduced hyperalgesia (Gardell et al., 2002; Ma et al., 2000; Vanderah et al., 2000 Vanderah et al., , 2001a . This study explored the role of substance P and the NK-1 receptor in mediating these opiate-induced effects. 
